Abstract. MicroRNAs (miRNAs) are frequently dysregulated in human cancers and can act as potent oncogenes or tumor suppressor genes. Aberrant expression of miR-424 has been identified in some types of cancer, however, its expression and potential biologic role in endometrial cancer are remains to be determined. In the present study, we demonstrated that miR-424 was downregulated in human endometrial cancer and suppressed growth of the human Ishikawa and HEC-1B endometrial cancer cell lines. Bioinformatics analysis indicated that E2F7 was a putative target of miR-424. In a luciferase reporter system, we confirmed that E2F7 was a direct target gene of miR-424. Furthermore, knockdown of E2F7 inhibited Ishikawa and HEC-1B cell growth. These findings indicate that miR-424 targets the E2F7 transcript and suppresses endometrial cancer cell growth, suggesting that miR-424 has a tumor suppressive role in human endometrial cancer pathogenesis.
Introduction
MicroRNAs (miRNAs) are a class of small non-coding RNAs consisting of [19] [20] [21] [22] [23] [24] nucleotides that are important in the negative regulation of gene expression. miRNAs bind to partially complementary sequences in the 3'-untranslated region (UTR) of specific target mRNA, resulting in mRNA degradation or translation inhibition (1, 2) . Abnormal expression and the loss of the dynamic balance between oncogenes and tumor suppressor genes typically lead to tumor formation and the development of cancer (3) . As an important regulator of gene expression, the abnormality of miRNAs has been observed in various types of cancer and may be involved in modulating cancer cell behaviors (4, 5) . Considerable evidence has shown that miRNAs are important regulators in diverse biological processes of cancer, such as cell proliferation (6) , apoptosis (7), angiogenesis (8) , cell differentiation (9), adhesion and metastasis (10) . These data emphasize the importance of miRNAs in cancer development and provide new insights into understanding the molecular mechanism of tumorigenesis.
Endometrial cancer is the second most prevalent cancer among women, following breast cancer. In the USA, it is estimated that 624,890 women have been previously diagnosed with cancer of the uterine corpus, and an additional 52,630 cases are expected to be newly diagnosed in 2014 (11) . The development of endometrial cancer is a multistep process with accumulation of genetic and epigenetic alterations (12) . Microarray studies have identified a number of miRNAs, such as miR-27 (13), miR-203 (14) , miR-205 (15) miR-141, and miR-200 (16) , which were upregulated, whereas, miR-30c (17) , miR-101 (18) , miR-449 (19) , miR-143 and miR-145 (16) were downregulated in endometrial cancer. However, the precise role of miR-424 in the carcinogenesis of endometrial cancer has yet to be determined.
In the present study, we investigated the expression of miR-424 in human endometrial cancer and paired adjacent normal pancreatic tissues, and explored the effects of miR-424 on cell growth and cycle progression in vitro. Furthermore, E2F7 was identified as a direct target of miR-424 and confirmed by the luciferase reporter system. Our results suggested that miR-424 directly targets E2F7 and negatively regulates cell proliferation and cycle progression in Ishikawa and HEC-1B cells, suggesting that miR-424 has as a tumor suppressive role in human endometrial cancer pathogenesis.
Materials and methods
Patient tissue specimen. Eleven pairs of tissues from 11 endometrial cancer patients, consisting of human endometrial cancer tissue and matched adjacent normal tissue obtained from the same patient, were used in the present study. The matched normal tissue was extracted from the distal end of the operative excisions, far from the tumor. The samples were received from the First Affiliated Hospital of Zunyi Medical College (Guizou, China). Cell viability and proliferative capacity assay. To determine cell viability and proliferative capacity, cells were examined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and colony formation assays as previously described (20, 21) . Ishikawa and HEC-1B cells, following transfection, were seeded in 96-well plates at a density of 8x10 3 cells/well. At different time points after transient transfection, the cells were incubated with 10 µl MTT (at a final concentration of 0.5 mg/ml) at 37˚C for another 4 h. The medium was then removed, and the precipitated formosan was dissolved in 100 µl dimethyl sulfoxide (DMSo). After agitation for 20 min, the absorbance at 570 nm (A570) was detected using a uquant Universal Microplate Spectrophotometer (BioTek Instruments, Inc., Winooski, VT, USA).
For the colony formation assay, the number of viable cell colonies was determined after 15 days following inoculation of 150 cells/well in triplicate in 12-well plates. The cells were stained with crystal violet. The rate of colony formation was calculated using the equation: colony formation rate = (number of colonies/number of seeded cells) x 100%.
Cell apoptosis and cell cycle assay. The apoptotic ratios of cells were determined with the Annexin V-7-ADD apoptosis detection kit (Roche, Switzerland). Briefly, 48 h after transfection, the cells were collected and washed twice with cold PBS buffer, resuspended in 200 µl of binding buffer, incubated with 20 µl of Annexin V-R-PE for 20 min in an ice bath in the dark, and 7-AAD 10 µl prior to analysis by flow cytometry. The cells treated with DMSo were used as the negative control.
Following transfection for 48 h, the cells were collected and fixed with 70% ethanol, stained with propidium iodide (PI), and analyzed by flow cytometry. The data were analyzed with Cellquest Pro software (BD Biosciences, San Jose, CA, USA). The experiments were repeated at least three times.
Western blot analysis. Total cell extracts were extracted using RIPA buffer. Proteins were separated by 10% SDS-PAgE, and proteins of interest were detected using the appropriate antibodies. Rabbit anti-human gAPDH antibody rabbit anti-human E2F7 antibody were obtained from Abcam (Cambridge, UK).
Target prediction and luciferase reporter assays. Based on bioinformatic prediction (TargetScan, RNA22 and microrna-org), E2F7 was selected as the candidate target of miR-424. The 3'UTR segments of E2F7 containing putative binding sites for miR-424 were obtained by PCR and inserted into the pmirgLo vector. The wild-type reporter construct pmirgLo/E2F7-3'UTR and the mutant reporter construct pmirGLO/E2F7-3'UTR mut, in which the site of perfect complementarity to miR-424 was mutated (UGCUGC→UCGGCC) using site-directed mutagenesis PCR, were used for miRNA functional analysis. Wild-type and mutant insertions were confirmed by DNA sequencing. For the luciferase reporter experiments, HEC-1B cells were co-transfected with the miR-424 mimics or as-miR-424 in a 48-well plate followed by the pmirgLo/E2F7-3'UTR reporter vector or the pmirgLo/E2F7-3'UTR mut. Firefly luciferase and Renilla luciferase levels were measured at 48 h after transfection. Each experiment was repeated at least three times.
Statistical analysis. Data were presented as the means ± standard deviation (SD). P≤0.05 was considered to indicate a statistically significant result using the Students-NewmanKeuls tests.
Results

Depressed expression of miR-424 in endometrial cancer.
To determine the role of miR-424 in endometrial cancer development, we examined the expression of miR-424 in five endometrial cancer samples and three adjacent normal tissues by semi-quantitative RT-PCR (Fig. 1A) . Furthermore, miR-424 expression was significantly downregulated in endometrial cancer tissues as compared to matched normal tissues by RT-PCR (Fig. 1B) .
miR-424 suppresses the long-term proliferation of the Ishikawa and HEC-1B endometrial cancer cell lines.
To determine the role of miR-424 in tumor cell proliferation, the miR-424 mimics were used to overexpress miR-424 expression in Ishikawa and HEC-1B cells ( Fig. 2A) . Using an MTT assay, the overexpression of miR-424 was demonstrated to suppress viability in Ishikawa and HEC-1B cells (Fig. 2B and C) . The colony formation rate of Ishikawa and HEC-1B cells transfected with miR-424 mimics, was significantly reduced as compared to that of the control group (Fig. 2D) . These results indicated that miR-424 suppressed the ability of Ishikawa and HEC-1B cells to proliferate.
miR-424 initiates endometrial cancer cell line S phase arrest and promotes apoptosis.
Flow cytometry showed that the percentage of S-phase Ishikawa and HEC-1B cells markedly increased in the miR-424 mimics-transfected group, which was higher than that in NC, suggesting that miR-424 initiated S-phase arrest (Fig. 3A and B) . The fluorescence activated cell sorting (FACS) analysis showed that the forced expression of miR-424 led to endometrial cancer cell apoptosis. The percentage of total apoptotic cells (early apoptotic + late apoptotic) significantly increased by 18.9% in response to miR-424 overexpression compared to cont-miR overexpression in Ishikawa cells (Fig. 3C) . A 22.9% increase in the number of apoptotic cells was observed in the HEC-1B cells with miR-424 overexpression compared to cont-miR (Fig. 3D) . These data demonstrated that miR-424 may inhibit proliferation by inducing S-phase arrest and promote apoptosis in endometrial cancer.
miR-424 directly targets transcription factor E2F7.
Based on the miR-424-induced suppression of proliferation in the endometrial cancer cell lines, we hypothesized that miR-424 inhibited the malignancy of endometrial cancer cells by regulating oncogenes and/or genes involved in cell proliferation or apoptosis. Thus, bioinformatic analyses (TargetScan, RNA22 and microrna.org) were used to identify potential target genes of miR-424 (Fig. 4A) . quantitative analysis indicated that E2F7 expression was significantly decreased in HEC-1B cells transfected with miR-424 mimics (Fig. 4B ). E2F7, a transcription factor, was predicted to have a putative miR-424 binding site within its 3'UTR ( Fig. 4C) and thus was selected for subsequent study. To confirm that miR-424 directly targets E2F7, we performed luciferase reporter assays to examine whether miR-424 interacts directly with its target E2F7. We constructed a series of 3'UTR fragments, including the full-length wild-type E2F7 3'UTR and a binding site mutant. These fragments were then inserted into the pmirGLO luciferase reporter plasmid. in HEC-1B cells, we found that the co-transfection of miR-424 and the wild-type E2F7 3'UTR caused a significant decrease in luciferase units compared with the controls. The luciferase intensity was increased after transfected with the wild-type E2F7 3'UTR reporter vector as well as ASo-424 (as-miR-424). However, the co-transfection of the mutant E2F7 3'UTR and miR-424 mimics or ASO-424 (as-miR-424) did not alter the luciferase intensity (Fig. 4D) . Furthermore, overexpression of miR-424 reduced the E2F7 protein expression in Ishikawa and HEC-1B cells (Fig. 4E) . Taken together, these results suggest that miR-424 binds directly to the 3'UTR of E2F7, thereby repressing gene expression.
Knockdown of E2F7 inhibits the growth of endometrial cancer cells in vitro.
E2F7 is a common transcription factor playing an essential role in the regulation of cell cycle progression. An RNAi approach was used to determine whether the knockdown of E2F7 affects cell growth. The siRNA expression vector, pSilencer/si-E2F7, effectively reduced E2F7 protein levels (Fig. 5A) . The transient transfection of pSilencer/si-E2F7 into Ishikawa and HEC-1B cells indicated that knockdown of E2F7 could suppress cell growth in 5 days, as determined by the MTT assay ( Fig. 5B and C) . Flow cytometry revealed that the percentage of S phase Ishikawa and HEC-1B cells markedly increased in the pSilencer/si-E2F7 transfected group, which was higher than that in NC, suggesting that knockdown of E2F7 can initiate S-phase arrest ( Fig. 5D and E) . FACS analysis revealed that the depressed expression of E2F7 led to endometrial cancer cell apoptosis ( Fig. 5F and G) . These data demonstrated that knockdown of E2F7 initiates endometrial cancer cell line S-phase arrest and promotes apoptosis. The results are consistent with the finding that miR-424 overexpression is able to suppress cell growth in vitro, which provides further evidence that E2F7 is involved in the miR-424-mediated suppression of endometrial cancer. Accordingly, the identification of E2F7 as a target gene of miR-424 may explain, at least in part, the reason for miR-424 overexpression suppressing cell growth.
Quantitative analysis of E2F7 expression in endometrial cancer tissue. To determine the expression of E2F7 in endometrial cancer and adjacent normal tissue, RT-PCR for E2F7 was performed on 11 tissue pairs, each consisting of an endometrial cancer and adjacent normal tissue. in general, E2F7 expression levels were significantly higher in endometrial cancer tissues than in the matched normal tissues (Fig. 6A) . By contrast, miR-424 expression levels were predominantly downregulated in endometrial cancer tissue (Fig. 1A and B) .
Discussion
Identification of molecular and cellular mechanisms responsible for tumorigenesis and the progression of endometrial cancer are critical to the development of novel diagnostic and therapeutic strategies for endometrial cancer patients. miRNAs are considered new candidate therapeutic agents for endometrial cancer owing to their involvement in cancer initiation and progression (22) . Currently, the regulation of miRNAs is a topic that has garnered increasing attention, and some upregulated or downregulated miRNAs of endometrial cancer have been reported (14) (15) (16) (17) (18) (19) (20) . However, the understanding of the aberrant expression and potential roles of miRNAs remains to be clarified. In 2012, Ramón et al reported that in 41 tissue samples of endometrial cancer patients, miR-15b, -17-5p, -20a, -125a, -214*, -221, -222 and -424 were found to be significantly downregulated, compared with the miRNAs in the women without endometrial cancer. However, the exact mechanism of abnormal miRNAs in endometrial cancer were not showed (23) . The present study identified that compared with normal samples, miR-424 was significantly downregulated in endometrial cancer samples, which is consistent with the study results of Ramón et al (23) . To investigate the role of miR-424 in endometrial cancer, miR-424 mimics were used to enhance miR-424 expression in Ishikawa and HEC-1B cells. The results showed that overexpressed miR-424 suppressed the growth of Ishikawa and HEC-1B cells and induced endometrial cancer cell apoptosis. We used the luciferase reporter assay to confirm the target gene of miR-424 was E2F7, and found that pSilencer/si-E2F7 and the miR-424 mimics worked in an antagonistic way. In the present study, we confirmed that the miR-424-E2F7 signaling pathway is a functional mechanism by which miR-424 suppresses endometrial cancer. However, miRNAs usually function in the regulation of multiple targets, thus whether any other signalling pathway played a role via miR-424 in endometrial cancer was not determined.
For miR-424, our findings are consistent with studies on other types of malignancy, such as breast (24) , liver (25) , pancreas (26) , prostate and colon (27) , and bone cancer (28) . Ruiz-Llorente et al reported that overexpression of miR-424 mimicked the repressive effect of T3 on cell proliferation, growth in suspension, migration and invasion (24) . yu et al found that miR-424 was involved in the tumorigenesis of hepatocellular carcinoma (HCC) by suppression of c-Myb. The expression of miR-424 was downregulated in HCC and the overexpression of miR-424 reduced HCC cell proliferation, migration and invasion (25) . Similarly, downregulation of miR-424 was also detected in human prostate, colon and bone cancer tissue (27, 28) . Exogenous miR-424/503 can significantly upregulate Rictor, an mTORC2-specific component, promote the formation of mTORC2 and induce activation of mToRC2, resulting in the promotion of tumor growth and invasion (27) . In U2oS cells, miR-424 plays a key role in inhibiting osteosarcoma cell migration and invasion by targeting FASN (28) .
The mammalian E2F family of transcription factors is crucial in the regulation of cell proliferation, apoptosis and differentiation. Our results demonstrated that E2F7 is a target of miR-424 in endometrial cancer. E2F7 has been found as a transcriptional repressor capable of negatively influencing cell proliferation (29) . E2F7 is thought to be oncogenic and its expression is upregulated in acute myeloid leukemia (AML) and cutaneous squamous cell carcinomas (CSCC) (30, 31) . E2F7 regulates cell cycle by repressing a subset of E2F target genes whose products are required for cell cycle progression (32) . miR-424 inhibits cancer growth by blocking the expression and activity of transcription factor E2F7. The loss of miR-424 leads to the upregulation of E2F7, consequently resulting in malignant transformation. in summary, the present study indicates that miR-424 acts as a tumor suppressor by targeting E2F7 in endometrial cancer. Although there are some limitations to the present study, such as the relatively fewer numbers of endometrial cancer samples, and the lack of in vivo studies, our findings may aid the continued investigation of the regulation of miR-424 in endometrial cancer and its role as a potential biomarker as well as a novel therapeutic target of endometrial cancer, to demonstrate that miRNA-based clinical therapies are feasible options in the future.
